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Different conventional (maceration and heat-assisted extraction) and new alternative techniques
(ultrasound-assisted and microwave-assisted extractions) have been developed for the extraction of
polyphenols compounds from different plant sources. Novel procedures have established with the
aim to reduce the extraction time and solvent consumption, as well as to increase polyphenols yield
and to improve extract quality. A critical review was conducted to introduce and compare tradi-
tional and modern procedures applied for extraction of bioactive polyphenols compounds. This re-
view focuses on the different techniques of polyphenols extraction, discussing their operating con-
ditions, mechanism, choice of particle size and solvent, solid/solvent ratio, extraction time, advan-
tages/disadvantages and effectiveness. Finally, potential application of these extraction procedures in
polyphenols isolation is reviewed.
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1. INTRODUCTION
Polyphenols represent a wide group of plant secondary
metabolites, which possess numerous biological activities in-
cluding antioxidant, antimicrobial, antispasmodic, antiinflam-
matory, antiallergic, hepatoprotective and anticarcinogenic
properties (Ben El Hadj Ali et al., 2014; Bhatt et al., 2017; Munin
and Edwards-Levy, 2011; Sen and Chakraborty, 2011). There-
fore, there is a growing interest for isolation of these phyto-
chemicals from plant materials, with the aim to produce a
safe, natural and low-cost alternative to synthetic compounds
(Ben El Hadj Ali et al., 2014; Canadanovic´-Brunet et al., 2006).
Generally, liquid and dried plant extracts (rich in active con-
stituents) are widely used in food, pharmaceutical and cos-
metic industries (Wang and Weller, 2006). Considering that
polyphenols from different plants vary widely in their struc-
ture, it is not possible to establish a standard extraction proto-
col that would extract all targeted compounds from each plant
source (Bucic´-Kojic´ et al., 2011). In the recent studies, different
procedures for polyphenols extraction were developed and
they vary in mechanism, nature of plant material, solvent type,
solid/solvent ratio, time, temperature, pressure and solvent
pH (Ben El Hadj Ali et al., 2014; Bucic´-Kojic´ et al., 2011; Cam
and Hisil, 2010; Galvan d’Alessandro et al., 2012). Traditional
procedures for obtaining plant extracts include maceration,
percolation, digestion and Soxhlet extraction (Vuleta et al.,
2012; Wang and Weller, 2006). These methods are simple, but
involve several disadvantages such as low polyphenols yield,
long extraction time and large amounts of plant material and
solvent (Mustafa and Turner, 2011; Wang and Weller, 2006). In
the recent time, the application of novel extraction procedures,
such as ultrasound-assisted, microwave-assisted, supercritical
fluid, accelerated solvent and pressurized liquid extractions,
have been evaluated (Both et al., 2014; Dahmoune et al., 2015;
Miloševic´ et al., 2011; Mustafa and Turner, 2011; Oniszczuk
and Podgorski, 2015). According to the literature data, these
methods provide various benefits which include higher yield
of polyphenols, shorter extraction time, ie. faster kinetics,
reduction of organic solvent consumption and positive envi-
ronmental impact (Wang and Weller, 2006).
This review focuses on the different techniques of polyphe-
nols extraction (maceration, heat-assisted, ultrasound-assisted
and microwave-assisted extractions), discussing their op-
erating conditions, mechanism, choice of particle size
and solvent, solid/solvent ratio, extraction time, advan-
tages/disadvantages and effectiveness. Finally, potential ap-
plication of those extraction procedures for polyphenols isola-
tion is reviewed.
2. EXTRACTION TECHNIQUES
1. Maceration
Maceration is a traditional, well-established and simple proce-
dure of polyphenols extraction from plant sources. In terms of
operating conditions, maceration is performed at room tem-
perature in glass containers with continuous mixing during
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10-30 minutes or several hours, depending on the characteris-
tics of plant matrix. The extraction is carried out according to
the principle of polyphenols diffusion into an appropriate ex-
traction medium (Vuleta et al., 2012). Maceration strongly de-
pends on the properties of plant material, particularly particle
size, thus the internal diffusion may be the limiting step during
extraction (Wang and Weller, 2006). According to the litera-
ture, the highest polyphenols yield from Aronia melanocarpa
and Thymus serpyllum is achieved with the smallest particles,
because of the increased active surface area and the enhanced
contact of matrix with solvent (C´ujic et al., 2016; Jovanovic´
et al., 2017). The choice of solvent depends on physical and
chemical properties of target compounds, as well as on ap-
plied extraction procedure (Wang and Weller, 2006). Since that
polyphenols extracts are commonly used for food, medicals
and cosmetics, the choice of solvent represents a critical step.
Water, ethanol, methanol and their mixture are the most com-
monly applied solvents for polyphenols extraction (Aziz and
Habib-Ur-Rehman, 2008; C´ujic et al., 2016; Vajic´ et al., 2015).
According to the recent studies, polyphenols from aromatic
plants are preferentially extracted with mixture of alcohol and
water using maceration, particularly when they are in a glyco-
side form (Costa et al., 2012; Jovanovic´ et al., 2017; Vajic´ et al.,
2015). In a mixture, one solvent can enhance the solubility
of the polyphenols, while the other can improve desorption
(Mustafa and Turner, 2011). Moreover, the small quantity of
water in binary solvent system has significant impact, because
it creates a more polar medium, whereas breaking hydrogen
bonding facilitates the extraction of polyphenols (Uma et al.,
2010). In maceration, the increase of solid/solvent ratio leads
to the increase of polyphenols yield, which can be explained
by the prevention of saturation of extraction medium using
higher solvent volume (Bucic´-Kojic´ et al., 2007; C´ujic et al.,
2016). One of the disadvantages of maceration as extraction
technique is a need for a great amount of solvent, in order
to achieve better extraction yield. On the other hand, the
presence of a large amount of plant material contributes to
the increase of extraction medium viscosity, which causes
the reduction of diffusion rate (Vuleta et al., 2012). Accord-
ing to Fick’s second law of diffusion, by prolongation of the
extraction time, the polyphenols yield is increased (Nayak
et al., 2015). However, in the polyphenols extraction from A.
melanocarpa, T. serpyllum, Urtica dioica and Lawsonia inermis at
room temperature, the extraction time did not have statisti-
cally significant influence on polyphenols yield (Uma et al.,
2010; C´ujic et al., 2016; Jovanovic´ et al., 2017; Vajic´ et al., 2015).
The reason could be in occurrence of two stages in maceration:
an initial increase of the polyphenols content in the beginning
of the process, followed by slow extraction (Vuleta et al., 2012).
The advantages of maceration: (1) particularly convenient for
thermosensitive components, (2) using various plant materials,
solvents and pH, and (3) simple and cheap method. The main
disadvantages of maceration include (1) long extraction time,
(2) a large quantity of solvent, and (3) lower polyphenols yield.
Maceration is widely and successfully applied procedure for
extraction of thermosensitive polyphenols compounds from
different plant sources (C´ujic et al., 2016; Jovanovic´ et al., 2017;
Vajic´ et al., 2015). Nevertheless, in comparison to novel extrac-
tion methods, maceration is old-fashion and time-consuming
extraction procedure, which does not provide high polyphe-
nols yield (Jovanovic´ et al., 2017).
2. Heat-assisted extraction
Heat-assisted extraction is carried out at high temperature
in glass containers with continuous mixing in water bath or
in the incubator shaker, allowing unattended operation in a
temperature-controlled environment. The use of thermal en-
ergy improves the efficiency of the extraction by disruption
of cellular structures, increment of cell membrane permeabil-
ity and breakdown of polyphenols-lipoproteins interactions,
which cause enhancement of polyphenols solubility and mass
transfer (Mustafa and Turner, 2011). High temperature de-
creases viscosity of the extraction medium, which helps the
solvent to penetrate the plant matrix, and results in faster
kinetics (Miron et al., 2011). According to Vergara-Salinas
et al. (2012), the increment of solvent temperature decreases
surface tension and, consequently, enhances wetting of the
plant particles, leading to higher extraction yield. In the ex-
traction at high temperature, the decrease in particle size of
Vitis vinifera seeds, skins and stems causes the increase of
polyphenols yield (Bucic´-Kojic´ et al., 2007; Pinelo et al., 2005).
In heat-assisted extraction, the maximum polyphenols content
from Ficus carica, Origanum vulgare, Artemisia dracunculus and
T. serpyllum was obtained using a mixture of ethanol and water
(Bucic´-Kojic´ et al., 2011; Miron et al., 2011). According to the
literature, the polarity of solvent decreases by applying high
temperature during the extraction, which makes water and
ethanol suitable solvents to extract polar, moderately polar
and non-polar organic constituents (Mustafa and Turner, 2011).
Due to very low polyphenols yield proven in several previ-
ous studies, mono-solvent system is not recommended as an
appropriate solvent for polyphenols extraction at high temper-
ature (Chizzola et al., 2008; Jovanovic´ et al., 2017; Miron et al.,
2011). Several studies have revealed that solid/solvent ra-
tio and temperature had significant influence on polyphenols
yield and with the increase of ratio the polyphenols content
in extracts also increases (Bucic´-Kojic´ et al., 2007; Jovanovic´
et al., 2017; Pompeu et al., 2009). According to Fecka and
Turek (2008), in hot water and methanol extracts of T. serpyl-
lum and T. vulgaris, the extraction time did not significantly
affect polyphenols content. Additionally, the exposure time
had no statistically significant influence on polyphenols ex-
traction from wild sage and thyme (Vergara-Salinas et al.,
2012; Dent et al., 2013). Moreover, both high temperature and
long exposure time can reduce the extraction yield, because
of temperature sensitivity and enzymatic degradation and
oxidation of polyphenols, as well as polymerization among
insoluble constituents (Vergara-Salinas et al., 2012). The main
advantages of heat-assisted extraction include (1) the enhance-
ment of polyphenols solubility and mass transfer caused by
high temperature, (2) faster kinetics, (3) the efficient extrac-
tion and higher polyphenols yield, and (4) simple apparatus
and method. The disadvantages of heat-assisted extraction:
(1) degradation of thermosensitive polyphenols compounds,
(2) high solvent consumption, and (3) limited choice of plant
material and extraction medium. According to the results
of previous studies, heat-assisted extraction is widely and
successfully used extraction technique to obtain polyphenols
extracts from different plants, because high temperature has
a positive influence on the efficiency of polyphenols extrac-
tion, particularly from aromatic plants of Lamiaceae family,
such as sage, rosemary, marjoram and oregano (Hossain et al.,
2011; Miron et al., 2011; Dent et al., 2013). In comparison to
maceration and taking into consideration the industrial re-
quirements such as maximum polyphenols yield for a shorter
time, heat-assisted extraction represents convenient technique
for polyphenols extraction from various plant sources (Hos-
sain et al., 2011; Miron et al., 2011).
3. Ultrasound-assisted extraction
Ultrasound-assisted extraction can be performed using ul-
trasound bath or ultrasound probe. The mechanism of
ultrasound-assisted extraction include plant tissue destruc-
tion by ultrasound waves, which travel inside of plant cells
as mechanical vibrations and cause expansion and compres-
sion cycles during movement through the extraction medium
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and provoke local rise of temperature and negative pressure
(Wang and Weller, 2006). These mechanical and thermal ef-
fects cause the degradation of cell walls, release of cell con-
tents, a greater penetration of solvent into plant material, the
increment of mass transfer and thus, the increase of polyphe-
nols yield (Deng et al., 2015; Horžic et al., 2012). Particle
size of plant material does not significantly affect polyphe-
nols yield, since ultrasound waves induce reduction of the
particle size (approximately 5%), damage of the cells and
modification of microstructure, which results in the increase
of solvent penetration into herbal matrix and in the higher
polyphenols release, regardless of the initial size of plant par-
ticles (Both et al., 2014; Deng et al., 2015; Jovanovic´ et al.,
2017). Regarding the selection of the extraction medium for
ultrasound-assisted extraction, alcohol/water mixture was
the most suitable solvent for maximum recovery of polyphe-
nols from Jatropha dioica, Eucalyptus camaldulensis, Origanum
majorana and Thymus species, whereas pure alcohol or wa-
ter could not completely extract polyphenols (Chizzola et al.,
2008; Fecka and Turek, 2008; Wong Paz et al., 2015). According
to the results of previous publications, polyphenols content
in plant extracts obtained in ultrasound-assisted extraction
was higher as solid/solvent ratio increased (Jovanovic´ et al.,
2017; Yang and Zhang, 2008; Wong Paz et al., 2015). This could
be explained by the mechanism of ultrasound waves which
generate changes in the plant material, enhance the mass trans-
fer rate, and thus faster saturation of the liquid. Therefore,
the increase in solid/solvent ratio leads to the prevention of
saturation of the extraction medium and the increment of
polyphenols content in the extracts (Wong Paz et al., 2015). On
the other hand, the presence of a large amount of plant matrix
contributes to the attenuation of the ultrasonic waves and the
active part is restricted to a small zone (Wang and Weller, 2006).
The extraction time did not have statistically significant influ-
ence on polyphenols yield in ultrasound-assisted extraction
from stinging nettle leaf and wild thyme herb (Jovanovic´ et al.,
2017; Vajic´ et al., 2015). Additionally, the extended time can
damage extracted natural antioxidants and degrade extract
quality, due to higher temperature and free radicals produced
by the ultrasound waves (Horžic et al., 2012). The advantages
of ultrasound-assisted extraction include (1) the increase of
extraction yield, (2) the improvement of the extract quality, (3)
fast kinetics – the important property for industrial require-
ments, (4) the ultrasound instrument has lower price and it is
easier to work on it, in comparison to other modern extraction
techniques, and (5) a wide range of solvents can be used for ex-
traction of different pharmacologically and biologically active
phytochemicals. The disadvantages of ultrasound-assisted
extraction: (1) degradation of antioxidant polyphenols com-
pounds, (2) the effects of ultrasound waves on polyphenols
yield and extraction kinetics depend on the characteristics
of plant material, and (3) the presence of a larger quantity
of plant particles contributes to the ultrasound waves atten-
uation, which results in the restriction of the active part of
ultrasound inside the zone located in the vicinity of the ul-
trasonic emitter. Very high yield of polyphenols in extracts
obtained using ultrasound-assisted extraction and shorter ex-
traction time, compared to traditional extraction techniques,
were demonstrated in several studies (Hossain et al., 2011;
Khan et al., 2010; Horžic et al., 2012; Lee et al., 2013). Therefore,
ultrasound-assisted extraction can be proposed as an efficient
and fast procedure for extraction of bioactive polyphenols
from different plant materials (Vajic´ et al., 2015; Wang and
Weller, 2006; Horžic et al., 2012).
4. Microwave-assisted extraction
Modern techniques, such a microwave-assisted extraction,
have been applied as an alternative to the traditional proce-
dures for polyphenols extraction, with the aim to improve
the extraction efficiency, as well as to provide shorter extrac-
tion time, lower solvent consumption and higher polyphenols
yield. Microwave-assisted extraction can be carried out us-
ing microwave oven or microwave reactor (which ensures
better control of temperature and pressure in the samples).
Microwaves offer a rapid delivery of energy to a total vol-
ume of extraction medium and plant particles, which leads to
the efficient and homogeneous heating of the sample. More-
over, water within the plant cells absorbs microwave energy
and internal superheating causes cell disruption, which re-
sult in the improvement of the polyphenols recovery (Wang
and Weller, 2006). According to Chupin et al. (2015), in the
microwave-assisted extraction of Pinus pinaster, in terms of
polyphenols content, there was no statistically significant dif-
ference between particles size of 0.4-1 mm, whereas the highest
content was obtained using the smallest particles, < 0.1 mm.
Apart from that, the best efficiency of microwave-assisted
extraction of polyphenols from Hippophae rhamnoides and A.
melanocarpa was achieved with a degree of fragmentation less
than 0.5 mm (Asofiei et al., 2016; Dandena et al., 2014). Ac-
cording to the recent publications, the increase of ethanol
concentration in water medium caused the increase in the
polyphenols yield from Achillea millefolium and Myrtus com-
munis, which can be explained by polar distribution and di-
electric constant (Dahmoune et al., 2015; Milutinovic´ et al.,
2015). The increase in dielectric constant, which is a result
of the addition of water to ethanol, allows the absorption
of microwaves energy. However, higher quantities of water
lead to a reduced expanding of heat into extraction medium,
which also reduces the efficiency of microwave extraction (Mi-
lutinovic´ et al., 2015). Additionally, the highest content of
polyphenols from A. melanocarpa was achieved by using 50%
ethanol, whereas further increase of ethanol concentration led
to the decrease of polyphenols yield (Simic´ et al., 2016). Mi-
lutinovic´ et al. (2015) have shown that in microwave-assisted
extraction, the increase in solid/solvent ratio resulted in the
enhancement of polyphenols content from A. millefolium, due
to more efficient wetting of plant material. The increase in
the diffusion coefficient and the intensive release of polyphe-
nols from destroyed plant cells caused by microwaves, lead
to the rapid saturation of the extraction medium. Therefore,
the increase of solvent volume provides better polyphenols
recovery from plant material (Wang and Weller, 2006; Chupin
et al., 2015). According to the literature data, high power of
microwaves during short extraction time can ensure the degra-
dation of cell wall and better diffusion of polyphenols into
extraction medium. Apart from that, longer time and better
yields of microwave extractions do not mean a large quantity
of target compounds, because microwaves cause the release of
a large amount of ballast substances, such as lipids, proteins
and polysaccharides (Simic´ et al., 2016). The main advantages
of microwave-assisted extraction: (1) significant reduction of
extraction time, (2) reduction of solvent consumption, (3) in-
creased extraction yield, and (4) simplicity and economy of
the extraction process, in comparison to other novel extrac-
tion procedures, such as supercritical fluid extraction. The
disadvantages of microwave-assisted extraction include (1)
degradation of thermosensitive polyphenols constituents, (2)
lower yield of non-polar and volatile target compounds, (3)
the effects of microwaves on polyphenols yield depend on
the polarity of solvents, and (4) a possibility of the extraction
of a large quantity of ballast substances. Microwave-assisted
extraction is widely and successfully applied technique for
obtaining polyphenols extracts from different plant matrixes,
such as chokeberry fruit and yarrow, myrtle and sea buck-
thorn leaves (Asofiei et al., 2016; Milutinovic´ et al., 2015; Simic´
et al., 2016; Dandena et al., 2014). From the point of view of
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environmental protection and food, pharmaceutical and cos-
metic industries, which require safe and high quality products,
with the application of "green" extraction methods, which are
quick and automated, microwave-assisted extraction is a rec-
ommended method for obtaining high quality extracts from
numerous plant sources, with high polyphenols yield (Bouras
et al., 2015).
CONCLUSION
There is a growing interest in extracting polyphenols from
plant sources, in order to produce a safe, natural and low-
cost alternative to synthetic compounds, out of which some
possess toxic and mutagenic effects. Conventional extraction
procedures, such as maceration and heat-assisted extraction,
as simple methods, can be applied for polyphenols extrac-
tion from different plant materials, but their main disadvan-
tage is high solvent consumption, which increases operating
costs and causes additional environmental problems, whereas
polyphenols yield is lower, in comparison to novel extrac-
tion techniques. Several modern extraction methods, such as
ultrasound-assisted extraction and microwave-assisted extrac-
tion, have been established, offering the advantages with re-
spect to extraction time, solvent consumption and polyphenols
yield. From the point of view of environmental protection and
food, pharmaceutical and cosmetic industries, which require
the application of "green" extraction procedures, ultrasound-
assisted extraction and microwave-assisted extraction are rec-
ommended to obtain extracts rich in polyphenols from various
plant sources.
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